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MATERIALS DIVISION 
RESEARCH AND TECHNOLOGY ACCOMPLISHMENTS FOR FY 87 
AND PLANS FOR FY 88 
SUMMARY 
The research program of the Materials Division is presented as FY 87 
accomplishments and FY 88 plans. The accomplishments for each Branch are 
highlighted and plans are outlined. Publications of the Division are included by 
Branch. This material will be useful in program coordination with other government 
organizations, universities, and industry in areas of mutual interest. 
0 RG ANlZ ATlON 
The Langley Research Center is organized by directorates as shown in figure 1. 
Each directorate is 'organized into divisions and offices. The Materials Division of the 
Structures Directorate consists of four branches as shown in figure 2. This figure also 
shows the technical areas addressed by each Branch. The Division consists of 69 
NASA civil servants and 7 members of the Army Aerostructures Directorate, 
USAARTA, Army Aviation Systems Command, located at the Langley Research 
Center. In addition, about 38 non-personal support contractors work at the Center to 
add major support to the in-house research program. 
FUNCTIONAL STATEMENT 
The Materials Division initiates, organizes, and conducts experimental and 
analytical research on structural materials and their application to aircraft and 
spacecraft structural systems (figure 3). More specifically the Division: 
- Conducts fundamental and applied research studies to develop novel 
polymeric, metallic, and ceramic materials for advanced structural applications. 
- Establishes materials processing and fabrication technology for structural 
components. 
- Demonstrates the application and benefits of advanced materials to specific 
flight vehicle structures. 
- Defines, evaluates, and conducts research on thermal protection materials 
requirements for high-speed aircraft and space transportation systems. 
- Studies the fatigue and fracture behavior of materials to establish practical 
methods for insuring the structural integrity of aircraft and space structures. 
- Characterizes the behavior of structural materials in extreme service 
environments using test facilities and laboratories for simulation of the flight 
environment . 
- Originates and develops requirements for new facilities and research 
techniques. 
- Operates the fatigue and fracture, structural materials, polymer, metallurgical, 
and environmental effects laboratories. 
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The long range research thrusts of the Materials Division are shown in figure 4. 
FACILITIES 
~ 
The Materials Division has four major facilities to support its research program. 
The Structures and Materials Laboratory houses various environmental effects labs 
and the metallurgical and metals processing labs. In the environmental effects labs, 
research is conducted to characterize and enhance the performance of structural 
materials operating in extreme service environments. Test techniques, 
instrumentation, and measurement techniques are developed to simulate 
environmental conditions required to evaluate high-temperature structural materials. 
The interaction of the space environment on properties of advanced composites, 
polymer films, and coatings for space systems is studied. Radiation and monoatomic 
oxygen damage in polymeric materials is studied and chemical formulations for 
I enhanced long-term durability in space are identified. 
Fundamental and applied research on advanced metallic and metal-matrix 
materials is conducted in the metallurgical and metals processing labs. Innovative 
processing methods for new alloy synthesis and development and fabrication of 
metallic structural components for future aircraft and space vehicles, including high- 
temperature applications, are explored. Metallic components are analyzed and tested 
to demonstrate improvements in advanced metallic alloys and their fabrication 
processes. 
The Fatigue and Fracture Laboratory is used to conduct research on the structural 
integrity of metals and composites for aircraft structures. Tests are conducted to 
measure the effect of loads on materials under simulated flight conditions. Materials 
and methods of strength and life prediction for airframes are assessed to develop 
ways to improve the structural reliability of aircraft. 
Fundamental and applied research using advanced polymer synthesis, composites 
and adhesives processing science, and advanced characterization methodology to 
develop improved materials concepts for efficient aerospace structures are conducted 
in the Composites Processing Laboratory. Novel polymeric materials are synthesized 
for applications such as matrices for fiber-reinforced composites, adhesives for 
bonding lightweight composite and metal structures, and hig h-performance films for 
spacecraft. Innovative processing methods for fabricating composite components for 
aircraft and spacecraft structures are developed. 
Radiation testing of spacecraft materials is conducted in the Space Environmental 
Effects Laboratory. Spacecraft materials tested include polymeric and metal matrix 
composites, polymeric films, thermal control coatings, adhesives, solar cells, and laser 
mirrors. 
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In addition, the Materials Division is currently constructing a Carbon-Carbon 
Research Laboratory that is expected to be completed in July 1988. The Materials 
Division has expanded its research capability in carbon-carbon materials and this lab 
will house the processing equipment needed for fabricating carbon-carbon materials 
and for applying oxidation-protective coatings. 
FY 87 ACCOMPLISHMENTS 
Polymeric Materials Branch 
The Polymeric Materials Branch (figure 5) conducts fundamental and applied 
research studies combining the disciplines of advanced polymer synthesis, 
composites and adhesives processing science, and advanced characterization 
methodology to develop improved materials concepts for efficient aerospace 
structures. These research and development activities are aimed at achieving 
maximum structural exploitation of advanced composites and adhesives through 
development of balanced mechanicaVphysical properties with good processability. 
The five year plan for this research is shown in figure 6. 
The FY 87 accomplishments of the Polymeric Materials Branch are listed below 
and are highlighted in figures 7 through 11. 
High Performance Polymer Concepts 
- Polymer Technology Transfer 
- Preparation of Amide-Imide Polymers 
Composite Matrices 
- Crystallization in Thermoplastic Resins - LARC-TPI 
Composite Processing and Adhesive Bonding 
LARC-TPI Composites Via New Slurry Process 
The Effect of Diamic Acid Additives on the Processability of Polyimides 
- 
- 
Fatigue and Fracture Branch 
The Fatigue and Fracture Branch (figure 12) performs research on the integrity of 
materials for load-bearing structures of metals and composites. This research 
includes fatigue, fracture mechanics, and structural reliability. Equations and 
analytical methods are formulated to predict fatigue life and residual strength of 
damaged and undamaged materials. Design, construction, operation, and inspection 
methods applied to airframes are assessed to develop ways to improve the overall 
structural reliability of aircraft and spacecraft. The five year plan of the Branch is 
shown in figure 13. 
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The FY 87 accomplishments of the Fatigue and Fracture Branch are listed below 
and are highlighted in figures 14 through 25. 
Metals and Metal Matrix Composites 
- 
- Three-Dimensional Analysis of Fatigue Crack Closure 
- 
Fatigue Life of Material With a Machining Scratch 
Fiber-Matrix Separation in Silicon Carbideflitanium Matrix Composites 
Composites 
- 
- 
- 
Delamination Fatigue Behavior of Composite Materials 
Matrix Yielding at a Delamination Front 
lnterlaminar Shear Fatigue Thresholds For Composite Materials 
Computational Methodology 
- Calculation of Strain-Energy Release Rate Distribution Using Plate Analysis 
- Boundary Force Method For Analyzing Cracked Laminates 
- Strain Energy Release Rates for Edge-Delaminated Composite Laminates 
- Fiber-Resin Micromechanics Analysis of Delamination 
- Finite-Element Analysis of End Notched Flexure (ENF) Specimen 
- Finite-Element-Alternating Method for Crack Analyses 
Applied Materials Branch 
The Applied Materials Branch (figure 26) conducts research to characterize and 
enhance the performance of structural materials operating in extreme service 
environments. The Branch identifies mechanisms of environmental degradation and 
failure in structural materials, provides quantitative understanding of degradation 
mechanisms and evolves models to predict the rate or extent of degradation for 
various advanced structural materials. Theoretical and experimental studies which 
relate to the environmental performance of high-temperature materials for thermal 
protection systems and hot structures of advanced space transportation systems and 
hypersonic vehicles are conducted. The interaction of the space environment on 
properties of advanced composites, polymer films, and coatings of interest for space 
systems is studied. The five year research plan for the Branch is shown in figure 27. 
The FY 87 accomplishments of the Applied Materials Branch are listed below and 
are highlighted in figures 28 through 34. 
Space Materials 
- Development of Protective Coatings for Composite Tubes 
- A Comparison of the Effects of Simulated Low-Earth and Geosynchronous Orbit 
Exposure on Composite Materials 
- Thermally Induced Twist in Composite Tubes 
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Composite Materials for Rotorcraft and Aircraft Structures 
- Thermally Stable Graphite-Reinforced Aluminum Alloys 
Beams 
- Using Fundamental Spectroscopic Data to Explain Changes in Applied 
Properties of Irradiated Polymers 
- Innovative Fabrication of Composite Structures 
I - A Method of Predicting the Energy-Absorption Capability of Composite Subfloor 
* 
Metallic Materials Branch 
The Metallic Materials Branch (figure 35) conducts fundamental and applied 
research studies on advanced metallic and metal-matrix materials. The Branch 
performs research on advanced high-strength structural alloys and composites to 
achieve improved mechanical properties through understanding and control of 
microstructural features. A basic understanding of joining and forming processes for 
fabricating structural components from advanced metallic materials is developed and 
innovative processing methods for new alloy synthesis and development and 
fabrication of metallic structural components for future aircraft and space vehicles is 
explored. The five year research plan for the Branch is shown in figure 36. 
The FY 87 accomplishments for the Metallic Materials Branch are listed below 
and are highlighted in figures 37 through 42. 
Advanced Light Alloy and MMC Development 
- B4C Particulates Show Promise to Improve Properties in Aluminum Matrix 
Composites 
- Material Property Verification of LaRC Processed PM Aluminum Alloys 
- Improved Aging Characteristics by Minor Alloying Additions in AI-Li Alloys 
Innovative Metals Processing 
Alleviation of Cavitation in Superplastically Formed 7475 Aluminum Alloy Using 
Post-Forming Pressure 
- 
High Temperature Thin Gage Metals and MMC for Airframes 
- Emittance/Catalysis Coatings Improve Performance of Titanium-Aluminides 
- Liquid Interface Diffusion Bonding of Titanium Aluminides Shows Promise for 
Elevated Temperature Applications to 1700°F 
c 
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PUBLICATIONS AND PRESENTATIONS 
I The FY 87 accomplishments of the Materials Division are highlighted by a number 
of publications and presentations. These are listed by organization and are identified 
by the categories of formal NASA reports, quick-release technical memorandums, 
contractor reports, journal articles and other publications, meeting presentations, 
technical talks, tech briefs, and patents. 
I DIVISION OFFICE 
~ Contractor Reports 
1. Jackson, A. C.; Balena, F. J.; LaBarge, W. L.; Pei, G.; Pitman, W. A.; and 
Wittlin, G.: Transport Composite Fuselage Technology - Impact Dynamics 
and Acoustic Transmission. (NAS1-17698 Lockheed-California Company) 
NASA CR-4035, December 1986. 
, Journal Articles and Other Publications 
2. St. Clair, A. K.; St. Clair, T. L.; and Slemp, W. S.:  Optically Transparent/Colorless 
ience and T e c h n w  , Polyimides in Recent Advances in Polvimdes Sc 
W. D. Weber and M. R. Gupta, eds., 1987, p. 16-36. 
. .  
Meeting Presentations 
3. Swann, R. T.; Stroud, C. W.; and Ohlhorst, C. W.: Predicting In-Flight Material 
Performance From Ground-Based Test Data. Presented at the NASA 
Workshop on Oxidation-Resistant Carbon-Carbon for Hypersonic Vehicle 
Applications, September 15-1 6, 1987, Hampton, Virginia. NASA CP 
pending. 
4. Tenney, D. R.; and Slemp, W. S.: Radiation Durability of Polymeric Spacecraft 
Materials. Presented at the American Chemical Society and Royal 
Australian Chemistry Institute Workshop on Radiation Effects on Polymeric 
Materials, August 16-1 9, 1987, Queensland, Australia. Proceedings 
pending. 
, Technical Talks 
5. St. Clair, A. K.: Aerospace Applications for High Temperature Polyimides. 
Presented at the State University of New York Short Course on High 
Temperature Polymers: Synthesis, Properties and Applications, January 19- 
22, 1987, Tokyo, Japan. 
c 
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6. 
7. 
8. 
9. 
10. 
11. 
St. Clair, A. K.: Aerospace Applications for High Temperature Polyimides. 
Presented at the State University of New York Short Course on High 
Temperature Polymers: Synthesis, Properties and Applications, May 7-9, 
1987, New Paltz, New York. 
St. Clair, A. K.: Soluble and Colorless Polyimides. Presented at the State 
University of New York Short Course on High Temperature Polymers: 
Synthesis, Properties and Applications, May 7-9, 1987, New Paltz, New 
York. 
St. Clair, A. K.: Soluble and Colorless Polyimides. Presented at the State 
University of New York Short Course on High Temperature Polymers: 
Synthesis, Properties and Applications, January 19-22, 1987, Tokyo, Japan. 
St. Clair, A. K.; and St. Clair, T. L.: Soluble and Colorless Polyimides. Presented 
at the Meeting of the Society of Polymer Science, Japan, January 22, 1987, 
Toyko, Japan. 
Tenney, D. R.: Composite Materials for Aerospace Structures. Presented at the 
Materials Research Society Annual Spring Meeting, April 21 -24, 1987, 
Anaheim, California. 
Tenney, D. R.: Composite Program: NASA Langley Research Center. 
Presented at the VPI&SU, Virginia Department of Economic Development, 
et al., Composites in Virginia Workshop, September 28-29, 1987, 
Blacksburg, Virginia. 
Tech Briefs 
12. St. Clair, A. K.; and St. Clair, T. L.: Soluble Aromatic Polyimides for Film Coating 
Applications. NASA Tech Brief LAR-13700. 
13. St. Clair, A. K.; St. Clair, T. L.; Winfree, W. P.; and Emerson, B. R., Jr.; Method for 
Preparing Low Dielectric Polyimides. NASA Tech Brief LAR-13769. 
POLYMERIC MATERIALS BRANCH 
Quick-Release Technical Memorandums 
14. Johnston, N. J.; and Hergenrother, P. M.: High Performance Thermoplastics: A 
Review of Neat Resin and Composite Properties. NASA TM-89104, 
February 1987. 
15. Progar, D. J.: Evaluation of Ti-6AI-4V Surface Treatments for Use With a 
Polyphenylquinoxaline Adhesive. NASA TM-89045, October 1986. 
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16. Progar, D. J.; and Pike, R. A.: Adhesive Evaluation of Water-Soluble LARC-TPI. 
NASA TM-89152, June 1987. 
, 17. St. Clair, T. L.; and Progar, D. J.: Adhesive Evaluation of New Polyimides. NASA 
TM-89140, April 1987. 
Contractor Reports 
18. Bascom, W. D.: Interfacial Adhesion of Carbon Fibers. (NAS1-17918 Hercules, 
lnc.) NASA CR-178306, August 1987. 
19. Bascom, W. D.; and Drzal, L. T.: The Surface Properties of Carbon Fibers and 
Their Adhesion to Organic Polymers. (NAS1-17918 Hercules, Inc.) NASA 
CR-4084, July 1987. 
Journal Articles and Other Publications 
20. Bass, R. G.; Cooper, E.; Hergenrother, P. M.; and Connell, J. W.: 
Poly(enonsu1fides) From the Addition of Aromatic Dithiols to Aromatic 
Dipropynones. Journal of Polvmer Science, Part A: Polymer Chemistry, 
Volume 25, 1987, p. 2395-2407. 
21. Burks, H. D.; Hou, T-H.; and St. Clair, T. L.: Characterization of Crystalline 
LARC-TPI Powder. SAMPE Quarte rlv, Volume 18, No. 1,  October 1986, 
p. 1-8. 
22. Burks, H. D.; and St. Clair, T. L.: Siloxane-Modified Polyethersulfideimide. 
I Journal of Aoplied Polvmer Science , Volume 34, 1987, p. 351-357. 
23. Burks, H. D.; St. Clair, T. L.; and Progar, D. J.: Synthesis and Characterization of 
Copolyimides With Varying Flexibilizing Groups in Pece nt Advances ir\ 
I Polvimide Science a nd Technology, W. D. Weber and M. R. Gupta, eds., 
1987, p. 150-163. 
24. Connell, J. W.; Bass, R. G.; Sinsky, M. S.; Waldbauer, R. 0.; and Hergenrother, 
P. M. : Polypyrazoles From Aromatic Dipropynones and Aromatic 
Dihydrazines. Jou rnal of Polvmer Science, Part A: Polymer Chemistry, 
Volume 25, 1987 , p. 2531-2542. 
25. Egli, A. H.; and St. Clair, T. L.: Enhancement of Molecular Weight Build Up in 
Polyimides Using Ether Solvents in Recent Advances in Polvimide Sc ience 
and Technology, W. D. Weber and M. R. Gupta, eds., 1987, p. 57-66. 
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26. 
27 
28. 
29. 
30. 
31. 
32. 
33. 
34 * 
35. 
36. 
37. 
Ezzell, S. A.; St. Clair, A. K.; and Hinkley, J. A.: Synthesis and Characterization 
of Elastomer-Modified Polyimide Films. Polvmer, Volume 28, September 
1987, p. 1779-1 786. 
Filbey, J. A.; Wightman, J. P.; and Progar, D. J.: Sodium Hydroxide Anodization 
of Ti-6AI-4V Adherends. The Journal of Adhes ion, Volume 20, No. 4, 
1987, p. 283-291. 
Harris, F. W.; Beltz, M. W.; and Hergenrother, P. M.: A New Readily Processable 
Polyimide. SAM PE Journal , Volume 23, No. 1, January/February 1987, 
p. 6-9. 
Hergenrother, P. M.: Heat-Resistant Polymers. mcvcloped ia of PoIv mer 
Science and Enaineering, Volume 7, Second Edition, 1987, p. 639-665. 
Hergenrother, P. M.: Recent Advances in High Temperature Polymers. Polvmer 
Journal, Volume 19, 1987, p. 73-83. 
Hergenrother, P. M.; Wakelyn, N. T.; and Havens, S. J.: Polyimides Containing 
Carbonyl and Ether Connecting Groups. Journal of Polvmer Science, Part A: 
Polymer Chemistry, Volume 25, 1987, p. 1093-1 103. 
Hinkley, J. A.: Small Compact Tension Specimens for Polymer Toughness 
Screening. Journal of ADD lied Polvmer Sc ience, Volume 32, No. 6, 
November 5, 1986, p. 5653-5655. 
Hou, T-H.; Bai, J-M.; and St. Clair, T. L.: A DSC Study on Crystalline LARC-TPI 
Powder - A New Version With Higher Initial Molecular Weight. SAMPE 
Quarterlv, Volume 18, No. 4, July 1987, p. 20-24. 
Johnston, N. J.; and St. Clair, T. L.: Thermoplastic Matrix Composites: LARC- 
TPI, Polyimidesulfone and Their Blends. SAMPE Journal, Volume 23, 
No. 1, January/February, p. 12-20. 
Maudgal, S.; and St. Clair, T. L.: Siloxane Containing Polyimides With Improved 
Processability in Pece nt Advances in Polvimide Sc ience a nd Technology, 
W. D. Weber and M. R. Gupta, eds., 1987, p. 37-56. 
Progar, D. J.: Evaluation of Polyimide Films as Adhesives. Jou rnal of Adhesion 
hn , Volume 1, No. 1, 1987, p. 53-68. 
Progar, D. J.: Evaluation of Ti-6AI-4V Surface Treatments for Use With a 
Polyphenylquinoxaline Adhesive. Jou rnal of Adhes ion Science and 
Technoloav, Volume 1, No. 2, 1987, p. 135-144. 
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38. Progar, D. J.; and St. Clair, T. L.: A Thermoplastic Copolyimide in Recent 
A-y ci n an Te hn I - - ,  W. D. Weberand M. R. 
Gupta, eds., 1987, p. 139-149. 
39. Progar, D. J.; and St. Clair, T. L.: Flexibilized Copolyimide Adhesives. The 
nal of Adhesion, Volume 21, 1987, p. 35-57. 
40. St. Clair, T. L.: Matrix Resin Development at NASA Langley Research Center in 
TemDe ratu re Polvmer Mat rix Compos iteg, Tito T. Serafini, ed., 1987, 
p. 35-53. 
41. Stoakley, D. M.; Shilady, D. D.; Vallarino, L. M.; Gootee, W. A.; and Smailes, 
D. L.: Selected Spectroscopic and Magnetic Properties of Lanthanide 
Complexes in Polyimide XU-218 in Recent Advances in Polyimide Sc ience 
and Technology, W. D. Weber and M. R. Gupta, eds., 1987, p. 417-427. 
42. Stoakley, D. M.; and St. Clair, A. K.: Lanthanide-Containing Polyimides in 
Pete nt Adva nces in Polvimides Sc ience a nd Tech nology , W. D. Weber 
and M. R. Gupta, eds., 1987, p. 471-479. 
Meeting Presentations 
43. Dominek, A.; Shamansky, H.; Burkholder, R.; Wood, R.; Hodges, W. T.: A 
Method of Evaluating Conductive Coatings for RCS Models. Presented at 
the 9th Annual Meeting and Symposium of the Antenna Measurements 
Techniques Association, September 2 - October 1, 1987, Seattle, 
Was hi ngt o n. 
44. Egli, A. H.; King, L. L.; and St. Clair, T. L.: Semi-Interpenetrating Networks of 
LARC-TPI. Presented at the 18th National SAMPE Technical Conference, 
October 7-9, 1986, Seattle, Washington. In Proceedings, Volume 18, 
p. 440-453. 
45. Harris, F. W.; Beltz, M. W.; and Hergenrother, P. M.; A New Readily Processable 
Polyimide. Presented at the 18th National SAMPE Technical Conference, 
October 7-9, 1986, Seattle, Washington. In Proceedings, Volume 18, 
p. 209-219. 
46. Hergenrother, P. M.; Havens, S. J.; and Jensen, B. J.: New Polyarylene Ethers. 
Presented at the 18th National SAMPE Technical Conference, October 7-9, 
1986, Seattle, Washington. In Proceedings, Volume 18, p. 454-465. 
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47. Hergenrother, P. M.; Wakelyn, N. T.; and Havens, S. J.: Polyimides Containing 
Carbonyl and Ether Connecting Groups. Presented at the 193rd National 
Meeting of the American Chemical Society, April 5-10, 1987, Denver, 
Colorado. In Polymer Preprints, Volume 28, No. 1, p. 92-94. 
48. Johnston, N. J.; and Hergenrother, P. M.: High Performance Thermoplastics: A 
Review of Neat Resin and Composite Properties. Presented at the 32nd 
International SAMPE Symposium and Exhibition, April 6-9, 1987, Anaheim, 
California. In SAMPE Preprint, Volume 32, p. 1400-1 41 2. 
49. Johnston, N. J.; and St. Clair, T. L.: Thermoplastic Matrix Composites: LARC- 
TPI, Polyimide-Sulfone and Their Blends. Presented at the 18th National 
SAMPE Technical Conference, October 7-9, 1986, Seattle, Washington. 
In Proceedings, Volume 18, p. 53-67. 
50. Pater, R. H.; Morgan, C.; Chang, A. C.; and Whitley, K. S.: Crosslinking-Property 
Relationships in PMR Polyimide Composites. I. 288OC Thermo-Oxidative 
Stability. Presented at the Society of Plastics Engineers 1987 Annual 
Technical Conference, May 4-7, 1987, Los Angeles, California. SPE 
Paper No. 466. In Proceedings, p. 1450-1 453. 
51. Pratt, J. R.; St. Clair, T. L.; Burks, H. D.; and Stoakley, D. M.: Polyimide 
Processing Additives. Presented at the 32nd International SAMPE 
Symposium and Exhibition, April 6-9, 1987, Anaheim, California. In 
SAMPE Preprint, Volume 32, p. 1036-1 050. 
52. St. Clair, T. L.; Burks, H. D.; Wakelyn, N. T.; and Hou, T-H.: Characterization of 
Crystalline Polyimide LARC-TPI. Presented at the 193rd National Meeting 
of the American Chemical Society, April 5-10, 1987, Denver, Colorado. In 
Polymer Preprints, Volume 28, No. 1, p. 90-91. 
53. Young, P. R.; and Chang, A. C.: Cure Study of Soluble Aromatic Polyimide 
Films. Presented at the 32nd International SAMPE Symposium and 
Exhibition, April 6-9, 1987, Anaheim, California. In SAMPE Preprint, 
Volume 32, p. 1051-1062. 
Technical Talks 
54. Bascom, W. D.; Cordner, L. W.; Hinkley, J. A.; and Johnston, N. J.: Determination 
of Carbon Fiber Adhesion to Thermoplastic Polymers Using the Single Fiber 
Matrix Matrix Tensile Test. Presented at the American Society for 
Composites First Technical Conference, October 7-9, 1986, Dayton, Ohio. 
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55. Bass, R. G.; Andrews, S. M.; and Hergenrother, P. M.: High Performance 
Polymers From the Reaction of Aromatic Dinucleophiles, Aromatic 
Dipropynones, and Aromatic Bis (Propynoic Esters) . Presented at the 
American Chemical Society Division of Polymer Chemistry Interdisciplinary 
Symposium on Recent Advances in Polyimides and Other High 
Performance Polymers, July 13-1 6, 1987, Reno, Nevada. 
56. Baucom, R. M.: Processing of High Performance Composites. Presented at the 
SAMPE Old Dominion Chapter Seminar on An Introduction to High 
Performance Composites, May 7, 1987, Williamsburg, Virginia. 
57. Dezern, J. F.: Synthesis and Characterization of BTDA Based Polyamide-imides. 
Presented at the American Chemical Society Division of Polymer Chemistry 
Interdisciplinary Symposium on Recent Advances in Polyimides and Other 
High Performance Polymers, July 13-1 6, 1987, Reno, Nevada. 
58. Hergenrother, P. M.: Advances in Polymer Matrices for Composites. Presented 
at the Gordon Research Conference on Polymers, June 29 - July 3, 1987, 
New London, New Hampshire. 
59. Hergenrother, P. M.: High Performance Organic Adhesives. Presented at the 
Adhesion Science Review at Virginia Polytechnic Institute and State 
University, May 3-6, 1987, Blacksburg, Virginia. 
60. Hergenrother, P. M.: High Performance Thermoplastics. Presented at the Air 
Force Fourth Industry/Government Review of Thermoplastic Matrix 
Composites, February 9-1 2, 1987, San Diego, California. 
61 . Hergenrother, P. M.: High Temperature Organic Adhesives and Composites. 
Presented at the State University of New York Short Course on High 
Temperature Polymers: Synthesis, Properties, and Applications, 
January 19-22, 1987, Tokyo, Japan. 
62. Hergenrother, P. M.: High Temperature Organic Adhesives. Presented at the 
Science and Adhesives, September 28-30, 1987, Boston, Massachusetts. 
I 1987 Plastic Institute of America (PIA) Course on Advances in Adhesion 
63. Hergenrother, P. M.: Matrix Chemistry on H i i h  Performance Composites. 
Presented at the SAMPE Old Dominion Chapter Seminar on An Introduction 
1 to High Performance Composites, May 7, 1987, Williamsburg, Virginia. 
64. Hergenrother, P. M.: Other High Performance Heterocyclic Polymers. 
Presented at the American Chemical Society Division of Polymer Chemistry 
Interdisciplinary Symposium on Recent Advances in Polyimides and Other 
High Performance Polymers, July 13-1 6, 1987, Reno, Nevada. 
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65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
Hergenrother, P. M.: Other High Temperature Thermoplastics. Presented at the 
State University of New York Short Course on High Temperature Polymers: 
Synthesis, Properties, and Applications, January 19-22, 1987, Tokyo, 
Japan. 
Hergenrother, P. M.; and Havens, S. J.: New High Temperature Polyimide 
Adhesives. Presented at the 1987 Tenth International Meeting of the 
Adhesion Society, February 22-27, 1987, Williamsburg, Virginia. 
Hergenrother, P. M.; and Havens, S. J.: New Semi-crystalline Polyimides. 
Presented at the American Chemical Society Division of Polymer Chemistry 
Interdisciplinary Symposium on Recent Advances in Polyimides and Other 
High Performance Polymers, July 13-1 6, 1987, Reno, Nevada. 
Hergenrother, P. M.: Polyarylene Ethers. Presented at the Division of Polymer 
Chemistry, Inc., 13th Biennial Polymer Symposium, November 23-26, 1986, 
Boca Raton, Florida. 
Hinkley, J. A.: Fibers and Interfaces in High Performance Composites. 
Presented at the SAMPE Old Dominion Chapter Seminar on An Introduction 
to High Performance Composites, May 7, 1987, Williamsburg, Virginia. 
Jensen, B. J.; Hergenrother, P. M.; and Havens. S. J.: Poly(Ary1ene Ethers) 
Containing 9,9-Diphenylfluorene. Presented at the American Chemical 
Society Division of Polymer Chemistry Interdisciplinary Symposium on 
Recent Advances in Polyimides and Other High Performance Polymers, 
July 13-16, 1987, Reno, Nevada. 
Johnston, N. J.: High Performance Composites: Matrix Property-Composite 
Property Relationships. Presented at the Sixth International Conference on 
Composite Materials (ICCM), July 20-24, 1987, London, England. 
Johnston, N. J.: High Performance Composites Part A: Introduction to 
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NASA CP pending. 
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22, 1986, Williamsburg, Virginia. Abstract published in APS Bulletin, 
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Technical Talks 
204. Bradbury, C. A.; Harries, W. L.; Long, S. A. T.; and Long, E. R., Jr.: Damage 
Effects of Threshold Doses of Electron Radiation on PEI, PEEI, PET, and 
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207. Dexter, H. B.: Overview of Materials and Structures Technology. Presented at 
the 1987 NASA/Army Rotorcraft Technology Conference, March 17-1 9, 
1987, Moffett Field, California. 
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I Technical Talks 
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231. Unnam, J.; Clark, R. K.: Oxygen Diffusion Barrier Coating. U.S. Patent 
4,681,818. Issued July 21 , 1987. 
FY 88 PLANS 
Polymeric Materials Branch 
Major research thrusts for FY 88 in the Polymeric Materials Branch are in the 
areas of resin-matrix composite studies and high performance polymers. Plans for this 
research are outlined in figure 43. Plans include the synthesis and characterization of 
neat resins and their composites and the study of prepregging and processing of new 
matrices into composite materials. Also, the preparation of a series of new semi- 
crystalline imide copolymers having properties equivalent to or superior to the best 
available polyimide is planned. This research will be conducted under the following 
two RTR's: 
RTR 505-63-01 -01 Resin-Matrix Composite Studies 
0 bjecti ve : 
Develop and evaluate new damage tolerant, durable high performance 
composites for advanced structural applications. 
A p p roach : 
Synthesize, characterize and evaluate newhmproved moderate and high 
temperature thermoplastics, semi-crystalline polymers and hybrid thermoplastic/ 
thermosets and their carbon fiber composites. Study prepregging and 
processing of new matrices into composite materials, including development of 
new processes and processing equipment. Conduct initial evaluation of new 
composites, including thermal, thermomechanical, and fracture toughness 
studies. Support micromechanical analysis program by providing appropriate 
composites and characterization studies. 
Milestones: 
Complete synthesis and characterization of thermally stable core shell rubbers 
and determine their efficacy as toughening agents for high temperature 
polymers - March 1988. 
Prepare large quantity (up to 20 Ibs.) of the most promising experimental 
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advanced resin - May 1988. 
Determine thermal, thermomechanical and fracture toughness properties of the 
most promising experimental advanced composite matrix material - July 1988. 
Complete Phase II modification of Murdock prepregging machine; 
demonstrate machine capability with research thermoplastic - August 1988. 
Determine feasibility of powder electrodeposition coating of carbon fiber as a 
viable prepregging technique - September 1988. 
RTR 506-43-1 1-01 High Performance Polymers 
Objective: 
Develop high performance polymers as adhesives, composite matrices, and 
films for use in high temperature environments. 
Approach : 
Synthesize new polymers with an attractivs combination of properties and 
evaluate as high temperature adhesives, composite matrices and films. 
Milestones: 
Evaluate composite properties of a more processable polyimide sulfone 
containing a low molecular weight non-reactive imide - January 1988. 
Synthesize new polyimides from isomeric oxydiphthalic dianhydrides - 
February 1988. 
Improve the processability of a semi-crystalline polyimide ( LARC-CPI) and 
evaluate as an adhesive and composite matrix - April 1988. 
Obtain composite properties on blends of acetylene imidothioethers and 
acetylene terminated polysulfones - May 1988. 
Optimize molecular weight and processing characteristics of LARC-TPI for 
sandwich structure - June 1988. 
Prepare a series of new semi-crystalline im de copolymers having a favorable 
combination of properties - July 1988. 
Complete crystallographic study on crystalline polyimides - August 1988. 
Develop understanding of crosslink density/morphology/toughness relation- 
ship in high temperature thermosets - September 1988. 
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Fatigue and Fracture Branch 
Composites research in the Fatigue and Fracture Branch for FY 88 will focus on 
micromechanics and multidirectional materials. The emphasis in metals research will 
be on advanced AI alloys and metal-matrix composites. Plans for this research are 
outlined in figure 44. The research will be carried out under the following three RTR's: 
RTR 505-63-01-05 Fatigue and Fracture - Composites and Metals 
Objective : 
Develop micromechanical models to predict composite delamination toughness 
for guidance in the development of second-generation composites. Develop 
analysis methods to predict cyclic load endurance of aerostructural materials. 
Approach : 
Develop testing methods and elasto-plastic 3-D analyses to identify 
determination failure modes in matrix materials. For metallic structures similar 
analyses are developed to describe growth for small cracks. 
Milestones: 
Complete microfracture analyses of delamination in mode I, mode I I ,  and 
combined modes - February 1988. 
Fully integrate the 2-D Boundary Force Method for computing stress intensity 
factors into the fracture control analysis computer program (FLAGRO) - June 
1988. 
Complete mode I cyclic delamination tests with PEEK laminate - July 1988. 
Complete AGARD small-cracks supplemeKtal program on steel, AI-Li, and Ti 
alloys - September 1988. 
Complete testing of American and Chinese aluminum alloys in NASAKAE 
small-cracks program - September 1988. 
RTR 506-43-1 1-04 Damage Tolerance of Composites 
0 bject i ve : 
To develop unified rational methodologies for the analysis and prevention of 
cracking damage in composites. 
Approach : 
Development of data and new analytical models based on fracture mechanics 
will make both tension and compression failures more tractable in composites. 
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Milestones: 
Evaluate viscoelasticity effects on compression failure of notched laminates - 
February 1988. 
Complete combined analytical and experimental study of instability delami- 
nation - March 1988. 
Evaluate existing elasticity solutions for predicting impact damage depth in 
thick laminates - August 1988. 
RTR 506-43-71 -03 Fatigue and Fracture - High Temperature Materials 
0 bject ive : 
Develop analytical models to predict fatigue and fracture of high-temperature 
ae rost ructu ral materials. I 
I Approach : 
I 
Develop testing methods, elastoplastic micromechanics stress analyses, and 
failure criteria for high-temperature composites. Incorporate the failure criteria 
into stress analyses to develop fracture micromechanics models for fatigue and 
fracture. 
Milestones: 
Order apparatus to upgrade test machines for high-temperature testing - 
November 1987. 
Begin fatigue and fracture testing of MMC materials - April 1988. 
Applied Materials Branch 
Research emphasis in the Applied Marerials Branch for FY 88 will be in the 
areas of carbon-carbon composites, low expansion resins for precision reflectors, and 
multidirectional, multilayered textile forms. Plans for this research are outlined in 
figure 45. This research will be carried out under the following five RTR's: 
I 
RTR 505-63-01 -06 Composites for Rotorcraft/Aircraft Structures 
Objective : 
Develop the technology for the application of advanced composite materials and 
innovative design concepts in rotorcraft and aircraft structures in order to improve 
performance, efficiency, damage tolerance, environmental durability, and energy 
absorption capability compared to metal structures. 
I 
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\ Approach : 
In-house, contractual, and grant studies will be conducted to develop innovative 
material forms, and processing science concepts for lightweight composite 
structure applications. Residual properties after environmental exposures and 
degradation mechanisms will be determined. Included will be studies on 
fabrication of near net-shape structural forms using automated textile processes 
such as weaving, braiding, knitting, and stitching. Composite structural elements 
fabricated by resin transfer molding and pultrusion processes will be evaluated. 
Improvements in throug h-the-thickness properties and damage tolerance will be 
studied. 
Milestones: 
Complete mechanical property characterization of triaxial fabric - November 
1987. 
Complete specimen fabrication for investigation of through-the-thickness 
stitching and resin transfer molding - December 1987. 
Conduct 1 /4 lifetime fatigue tests on repaired graphite/epoxy components after 
4 years of  outdoor sustained-load exposure at NASA Langley - December 
1987. 
Award contract to hot-filament wind thermoplastic composite materials - 
December 1987. 
Characterize thermoplastic panels fabricated with co-mingled thermoplastic 
woven fabric, thermoplastic films, and thermoplastic prepreg tape - December 
1987. 
Demonstrate the capability of in-process ultrasonics to measure voids in 
composites fabricated in autoclave and pultruder - March 1988. 
Award 4 year task assignment contract to fabricate and inspect composite 
materials for in-house evaluation - March 1988. 
Complete 1 year of flight service of DC-10 graphite/epoxy vertical stabilizer - 
March 1988. 
Establish and initiate use of pultrusion methodology for fabrication of 
thermoplastic resin composites - March 1968. 
Complete 15 years of flight service of 6-737 graphite/epoxy spoilers - June 
1988. 
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Demonstrate the capability to weave composite preforms with multilayer bias 
plies - June 1988. 
Evaluate the effects of included angle on the energy absorption capability of 
composite tubes and beams - June 1988. 
Complete evaluation of cruciform in-plane shear test specimen - June 1988. 
Establish baseline property data for pultruded composites and refine the 
fabrication process - September 1988. 
Develop process model for resin infiltration of woven fabrics - September 
1988. 
Demonstrate dielectric process monitor for optimization of resin infiltration into 
woven fabrics - September 1988. 
RTR 506-43-21 -04 Composite Materials for Spacecraft Applications 
0 bject ive : 
Develop new composite materials and protective/thermal control coatings for 
enhanced environmental and thermal-mechanical durability in long-life space 
structures. 
Approach : 
Advanced polymeric-, metallic-, and ceramic-matrix, fiber-reinforced composites 
will be developed and evaluated for long-term use in spacecraft structures. 
Evaluation will include thermal cycling, UV and atomic oxygen to simulate the 
GEO environment. Advanced laser interferometry will be used to determine 
dimensional stability. Thin metallic and oxide protective coatings will be 
evaluated on flat and tubular surfaces. The optical, chemical, and mechanical 
property degradation will be characterized and analytically modeled. Shuttle 
experiments will be used to verify models and laboratory simulations. 
Milestones: 
Develop aluminum foil anodizing process for producing tailorable optical 
coatings for composite tubes - March 1988. 
Determine effects of long-term thermal cycling on the adherence and optical 
properties of anodized aluminum coatings on graphite/epoxy composite tubes 
- June 1988. 
Determine threshold doses of electron radiation for adverse effects on 
thermoplastic polymer films - June 1988. 
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RTR 506-43-71-02 Carbon-Carbon Composites 
. 
Objective : 
Develop high-strength, minimum gauge, oxidation-protected carbon-carbon 
materials for hot structure and TPS applications in advanced space 
transportation vehicles and hypersonic aircraft. 
Approach : 
Advanced processing methods, alternate precursor materials, fiber surface 
modifications, and alternate reinforcement concepts will be developed to 
improve substrate mechanical properties. Matrix and fiber oxidation inhibitors, 
sealants, and advanced coatings will be developed to improve oxidation 
resistance. Environmental testing will be performed in simulated mission 
dynamic environments and in multiparameter (temperature, pressure, load) 
f aci Ii t i es. 
Milestones: 
Key processing parameters for phenolic-based carbon-carbon composites 
defined for simplified processing and improved interlaminar strengths - 
September 1988. 
Through-the-t hickness reinforcement concepts evaluated for thin-guage 
carbon-carbon composites - September 1988. 
RTR 585-02-21-01 Advanced Materials for Precision Segmented 
Reflectors 
Objective: 
Develop advanced composite materials and coatings that are durable and have 
stable thermal and mechanical properties in the space service environment of 
precision segmented reflector spacecraft. 
Approach : 
New, novel low expansion polymer resins will be developed and used to 
fabricate composites. Advanced, highly stable graphite/glass laminates using 
low temperature fabrication methods will be developed. Material constitutive 
equations and analytical models will be developed to correlate/predict 
environmental effects on thermal and mechanical properties of the advanced 
composites. These models will aid in directing the materials development 
activities. The surface distortion of composite laminates/panels will be measured 
and modeled. 
Milestones: 
Establish contract task to develop low temperature Gr/Glass composites - 
March 1988. 
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Develop capability to measure reflector panel distortions using laser 
holography - September 1988. 
RTR 763-01 -41-17 Coatings for Carbon-Carbon Composites 
0 bject ive : 
Develop oxidatively protected carbon-carbon material concepts to meet specific 
airframe and control surface requirements in support of Aero-space Plane. 
Approach : 
Evaluate in simulated NASP environments various promising oxidation- 
protection systems which were developed for propulsion applications. Build on 
these results, tailoring a new oxidation-protection system (in-depth oxidation 
protection, sealants, coatings) to meet specific NASP mission requirements. 
Milestones: 
Preliminary evaluation tests completed on samples of oxidatively protected c-c 
in multiparameter environmental simulator - March 1988. 
Initiate multiparameter environmental simulation evaluations of candidate test 
materials - June 1988. 
Initiate dynamic environment (arc jet) testing of candidate test materials - 
June 1988. 
Metallic Materials Branch 
Research in the Metallic Materials Branch for FY 88 will focus on advanced 
, aluminum alloy technology for cryogenic tank applications, innovative metals 
processing and joining, and high temperature titanium aluminides and advanced 
in figure 46. This research will be carried out under the following five RTR's: 
I 
metal-matrix composites for hypersonic vehicles. Plans for this research are outlined 
I 
RTR 505-63-01 -02 Advanced Structural Metallics for Service to 1000°F 
Objective: 
I Develop a fundamental understanding of the metallurgical structure/mechanical 
property interactions resu Iti ng from powder processing, consolidation, and 
subsequent t hermomechanical processing of intermediate and high temperature 
aluminum alloys prepared by advanced ingot and powder metallurgy 
techniques. Demonstrate the property and durability advantages of advanced 
aluminum alloys for aerospace structures. Develop advanced inorganic 
composite materials for aerospace structural applications. 
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Approach : 
Prepare new aluminum alloy compositions of laboratory quantities by advanced 
I/M and P/M techniques. Develop and evaluate promising composite materials 
systems with light alloy metallic matrices and correlate microstructural/ 
mechanical property relationships. Identify metallurgical characteristics 
controlling specific properties through laboratory analysis and development of 
optimized processing techniques to obtain tailored properties. 
Milestones: 
Complete metallurgical characterization and initial consolidation of AI-Mn-Ca- 
Si alloy for high temperature applications - October 1987. 
Complete results of developed PM AI-Cu-Mg-Zr alloy in unreinforced and 
particulate reinforced product form - January 1988. 
Determine corrosion fatigue and stress corrosion cracking behavior of 
advanced aluminum alloys and light alloy matrix composites - March 1988. 
Produce PM aluminum alloy powders for high temperature applications using 
the LaRC gas atomization facility - April 1988. 
Fabricate, test, and evaluate SPF AI curved cap beaded web compression 
panels - May 1988. 
Develop processing to produce sheet material from aluminum alloy powder 
with Mn, Ca, and Si additions for high temperature applications - June 1988. 
Optimize chemistry and processing for enhanced superplasticity in advanced 
aluminum alloys - September 1988. 
RTR 505-63-01 -03 Innovative Metals Processing for Airframe Structures 
0 bj ect ive : 
Develop improved aluminum alloys and innovative processing methods for 
fabricating lightweight aerospace vehicle structures. Develop advanced 
processing techniques for lightweight AI-Li and high temperature aluminum 
alloys and evacuated titanium honeycomb-core sandwich concepts. 
Approach : 
Combined in-house and contractual studies to define the potential of advanced 
aluminum alloys for airframe structural applications. Modify the composition of AI- 
Li alloys for enhanced superplasticity, weldability and post fabrication heat 
treatment. Explore the use of high temperature aluminum alloys and develop 
improved brazing and joining processes for fabricating evacuated titanium 
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honeycomb-core sandwich structure. Characterize material properties and 
design, fabricate and test structural elements. 
Mi leston es: 
Characterize weldable AI-Li alloys - December 1987. 
Explore the use of high temperature aluminum alloys and joining technologies 
for airframe and tank applications - July 1988. 
Superplastically form small stiffened AI-Li structural segments - August 1988. 
Screen joining processes for fabricating coupon size evacuated titanium 
honeycom b-core sandwich concepts - September 1988. 
Determine the SPF characteristics of AI-Cu-Li-Zr-In alloy for aerospace 
structural applications - September 1988. 
RTR 506-43-71 -01 Metallics for High Temperature Airframe Structures 
0 bjective : 
Develop new high temperature metallics, processing and joining techniques, 
and coatings for environmental protection for use at temperatures from 50OOF to 
2000°F including in-situ and continuously reinforced advanced metal matrix 
composites and light alloy intermetallics. 
Approach : 
Combined in-house and contract research studies to develop and characterize 
advanced metallic systems produced by deposition techniques, rapid solidifica- 
tion rate technology and conventional high temperature processing. Establish 
suitable joining processes for very thin gage, lightly loaded structure. Demon- 
strate technology readiness through design, fabrication, testing, and evaluation 
of structural sub-components. 
Milestones: 
Initiate study of dispersion strengthening mechanisms in in-situ reinforced 
aluminum alloys for >6OO0F applications - October 1987. 
Complete preliminary evaluation of titanium intermetallics and coating systems 
in hypersonic air environments - December 1987. 
Assess potential of oxide dispersion strengthened Ti-Mo alloys for high 
temperature applications - February 1988. 
Complete preliminary evaluation of the potential for designing nonequilibrium 
phases to improve high temperature properties and stability of RSR 
40 
intermetallics - April 1988. 
Determine high temperature properties of foil gage, ingot metallurgy titanium 
aluminide materials - June 1988. 
Evaluate very thin gage metallic substrates produced by deposition techniques 
- September 1988. 
RTR 763-01 -41 -1 1 Advanced Processing of TixAl Composites for NASP 
Objective: 
Develop advanced joining processes for fabricating TixAl metal-matrix 
composite, RSR titanium honeycomb-core sandwich structure and develop an 
analytical model for predicting composite properties. 
Approach: 
Conduct in-house studies using available titanium based ingot metallurgy (IM) 
model materials to develop joining processes suitable for fabricating TixAI 
composite sandwich structure. Screen candidate processes including brazing, 
liquid interface diffusion bonding, and diffusion bonding based on both 
metallurgical studies and mechanical property tests. Evaluate alternate LID 
material compositions to improve elevated temperature properties of IM Ti3AI- 
Ti3AI joints. Develop an analytical model for predicting fatigue behavior and 
verify experimentally. Fabricate, test and evaluate small sandwich specimens 
and structural sub-elements using Ti3AI composites as they become available. 
Milestones: 
Determine the elevated temperature properties of LID bonded IM TisAl-TisAl 
coupon joints - October 1987. 
Determine the RT face-face tension properties of LID bonded IM Ti3AI face 
sheet titanium honeycomb-core sandwich specimens - December 1987. 
Develop LID compositions for improved elevated properties of LID bonded 
joints - June 1988. 
Demonstrate the use of melt overflow process for casting RSR titanium foil - 
August 1908. 
Develop and evaluate an analytical model for fatigue of MMC - September 
1988. 
41 
RTR 763-01-41 -14 Advanced Metal Matrix Compos 
Obiective: 
tes 
Develop specific, high temperature metal matrix composites and associated 
fabrication technology for aero-space plane applications. 
Approach : 
Establish surface treatments and/or coating systems for selected ceramic and 
organic fibers for optimum fiber/matrix stability. Fabricate and test minimum 
gage composite panels to establish performance limits. Develop techniques for 
structural component fabrication. Define scale-up requirements for large panel 
manu fact u re. 
Milestones: 
Unidirectional composites fabricated and evaluated - December 1987. 
Multi-layer, cross-ply composite panels fabricated - June 1988. 
I Concluding Remarks 
I This document presents the FY 87 accomplishments, presentations and 
publications and the FY 88 research plans of the Materials Division. 
42 
U 
w 
I- z 
w 
0 
I 
0 
K 
w 
v, 
W 
a 
a 
>. u 
W J  
(3 z 
II 
a 
- 
C 
r 
I 
I 1  
i 
n 
I 
I 
t 
0 
-0 
Q, 
a, 
i;i 11 i 
L J O O O  
I -  
I 1-I . . . . .  
P 
Q) L 
3 cn 
i 
0 .  
43 
.I 
I -1 
v) 
m -
.II 
L 
L 
.- z m  - 
P 
9. a 
I I 
* 
0 
I -
e 
0 0 0  
0 . 0 0  
0 0 0 
44 
i 
I 
I . - '  
- 
K 
W 
I- 
3 
z 
0 
U 
a 
w a 
I 
I- 
W 
(3 z 
U 
(3 z 
0 
4 
a 
L 
* 0 
L 
c, 
a 
E 
0 
.I 
I
(P 
c, s 
0 
v) a 
0 
c a > 
I .- 
0 .- 
I L 
0 
a 
Q 
)r 
E 
2 
L 
rc 
0 
v) a 
v) 
0 
Q 
0 
0 
c 
0 
c, 
.I 
E 
n 
L 
(P 
0 
0 
c1 
t 
L 
0" 
0 
L 
IC 
0 
v) 
(P 
I 
.I 
0 
0 
0 
0 a a 
Q 
Y r 
Ls) 
r .- 
r 
a, 
.I 
+ P
r 
a, 
3 
0 
46 
0 
.I 
U 
Q) 
0 -c 
(II > Q) 0 
(II 
Q cn 
0 a 
L 
0 
)r 
u) 
0 
0 c 
- W 
0 
cn 
a e 
0 
0 
I 
c 
.s 
0 
a, 
.c, I 
v) 
0 .- 
t 
(II 
W 
v) 
(II 
I 
.  
L 
. 
v) 
v) 
(II 
I .- 
L 
c, 
a 
(II z 
a 
0 0 0 
47 
ORIGINAL PAGE IS 
OF POOR QUALITY 
v) a 
A= 
v) c 
0 
a 
.- 
.- c -
E 
i? a a 
a 
3 
0 
3 
v) 
lg 
E 
\ 
c 
L 
c 
L 
E 
)r 
0 
Q 
a 
0 
Q, > 
-
-
0" 
8 
49 
U 
W 
LL cn z 
d 
a 
I- 
>. 
c3 
0 
t 
W 
I- 
U 
E 
0 
L .c
U 
C a 
a ln 
3 
a 
5 
u a .- 
c 
sa 
t m  
u s  m 
n 
Q 
r- W 
E a 
i i  
w 
50 
Q) a 
a 
c 
0 
Z 
a, 
c 
0 
Z 
+ + 
c 
0 a 
l- 
c 
P, 
I 
.- 
W 
W cn z 
W 
-I 
0 
! a 
P, 
0 
Ilc 
v) 
- a 
0 
a c 
.- 
E 
0 
.c 
0 
t-" 
c 
P, 
I 
.- 
2 a 
P, 
0 
U 
* c 
3 
I 
0 
a) 
0, 
a 
6, 
b 
(3, 
l-- 
T- 
a) 
6, 
a 
(3 
03 
0-l 
m 
a3 
Q, 
T- 
T- 
T- 
co 
(3, 
7 
T- 
a) 
Q, 
l-- 
a 
c 
0 
Z 
a 
4 
51 
E a 
v) x 
v) 
c B c 
a 
Y 
C 
D 
.-  
a a 
E m a 
5 o C .- 
L e 
B 
0 u 
C .- 
2 m 
2 m - m 
0 
a 
2- 
.- 
L a (II 
a0 
Y a, 
m 
3 
a 
c 
-
9 E a 
ii 
cn a 
L 
0 
2 m 
I - a > 
0 
C 
'c 
0 
a a 
a a 
m 
.- 
L 
52 
I 
O=O 
P f 
O= d" O=O 
=0 
& 
O= 
\' 
4- 
a n 
m a n 
i? 
I- s 
I 
m 
a n Li 
h m a a 
;r, 
I 
m 
a n 
m a n 
b- 
I- s 
I 
* 
53 
54 
I- z 
W 
K w 
K 3  o a  & a  
e z 
0 
0 
a a 
U 
LL a 
ji z 
W c z - 
55 
L .- m 
G 
5 
56 
cn cn w 
0 
0 
U e 
). 
U 
3 
J cn 
a 
3 
W 
2 
a 
5 
cn w + -
8 
P 
0 
0 - e c 
I 
i) a 
4 A 
N 
N 
0=b 
t 
X s 
0 0 
0 
N 0 u. 
5 
a w 
ai z 
I 
I .a 
m 
9 
X 
0 
0 
(u 
0 . o  
m 
0 s 
t- a 
57 
i This page intentionally left blank. 
f 
58 
a 
0 m 
5: 
P 
Q, m 
3 
0 -
.c 
.c 
0 
c .- m 
0" i 
2 U Q, 
Q 
0 
Q, > 
Q, 
13 
-
c c m 
0 = 
C 
9, 
v) 
.- 
.- 
L a c 
3 c 
f: E 
0 
c .- 
U c m 
v) 
3 
v) 
c -
E 
U 
Q, 
m 
3 
0 > a 
c 
-
n 
Q 
W 
r 
F 
w 
I 
I- 9, 
Q, 
v) 
.- 
n 
.- 
2 
0 Q) 
L 
a tn 
W 
I- 
z 
O 
c e .- 
A c- a a 
e 
v) a 
0 
Q 
w 
u. .- 
v) a > 
.e 
0 
.- 
P 
- 
0 
0 a 
8 a 
C 
v) 
.- 
2 
Q, c m 
i 
9, c 
> .- 
E .- 
0 c u. 0 
+ 
0 
W u. u. 
W 
W 
I c 
= a  
Q, 
X 
c 31a 
59 
.. , .. - 
PRECEDING PAGE BLANK NOT FILMED 
f 
c a a  
\\\ 
cu cv 
d 
Q 
rn 
0 
r( 3 
60 
u 
W n 
0 a n 
a 
z a 
I 
0 
I 
0 : 
I 
I 
t a 
1 
t- 
OL 
0 
0 
< c -I 
1 I I I 
Ln W d 
t 
Ln - 0 
? 
d 
L
O L  
0 
lA 
61 
0 
t t t t  
+ + + +  
62 
. .  
I 
2 
2 
3 
0 
c 
.c . 
z a - 
v) 
0 
c a 
L 
0 
.- 
E 
0 
0 
L 
.- 
E 
F 
3 
a 
LL 
- .- 
d 
rn - 
v) 
Q, 
T;, 
3 
v) 
c 
0 
a 
c 
a 
.- 
c 
.- e 
.- 
E 
-
2 
W Z  
[ r4 2 a  
W 
I- 
LL 
a 
. 
63 
a cn 
0 
5 
e 
v) a c 
U a c 
m 
Q 
-a F 
0, c 
a .- n 
- a 
al 
v) 
c 
x 
c 
3 
0 
-
c 
2 
L 
- a a 
0 
c 
5 
2 
0 
C 
v) 
e 
I 
v) .- r 
0, 
r .- 
a 
0 
c I 
0 
I- 
0 cn 
a a 
c 
0, 
S 
.- 
a m 
0 
c ui 
0 
c m r u 
.- 
E 
I a 
'c - 0 
Z 
z 
I 
0 a 
5 
- a 3 
0, 
m 
.- 
c 
e I 
E 
3 
0 
c 
c 
.- 
Q, 
c 
0 
5 
n 
0 
U 
Y a c 
0 
c 
E 
8 
v) 
0 a 
a 
- 
c 
I 
E 
J a - 
U 
W c 
a 
5 
0 
L 
m 
0 
- 
v) 
0 a 
a 
e 
c 
W 
J 
k 
.e .. 0 
64 
J 
w 
w 
t- 
v) 
0 
J 
M 
=r 
cz 
0 
L 
u > u . 
v) > 
v, 
v, 
w 
C + 
v) 
cc 
, 
( 
( 
I 
0 
0 I 
65 
i 
-J 
66 
ci, c 
U m 
0 
C 
3 
.- 
-
oe 
- 0  
5 a 
I w m 
w 
E 
3 cn 
0 
J 
0 
1L 
0 
U 
0 
W 
3 
(3 
F: a 
a 
L L  
c? 
i! 
i= 
X 
0 
E 
v) 
X 
0 
E 
v! 
v) 
W 
0 
X 
E 
v) 
W 
0 
? 
X 
E 
In 
W 
0 
N. 
X 
0 
E 
v) 1 
E  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
X 
0 
E 
v) 
c 
0 
n a 
Y u, 
F 
2 a ui 
u, 
.- 
67 
C 
a, c 
E? 
e 
v) 
E3, 
0 
0 - I 
a 
0; 
68 
3RI.GINAL PAGE IS 
OF POOR QUALITY 
m 
E 
2 - 
U a 
C 
m 
(3, 
.- 
Q, c 
Q, 
3 
(3, 
m 
-
.- 
c 
c 
C 
C 
.- 
e 
a 
L 
d 
m 
Q 
0 
a > a 
U 
0 
I- 
-
t 
3 
70 
x 
W 
W e 
\ 
Q 
v) a 
0 
I= 
v) 
I 
3 
a m 
0 0 0  
71 
c 
C e - 
c 
0 
m c 
m 
a, 
U 
m 
m 
,- - 
.- 
E -
c 
.- P 
z! 
0, 
h 
0 
m 
m 
a, 
C 
Y u 
.- 
.- 
5 
n 
U c 
0 
0 
Q, u c 
a, 
3 
C 
a, 
a, 
N 
A 
m 
C m 
0 
I- 
- 
-
'c 
.- 
5 
-
* .  
a, c 
0 
N 
0 
cn m 
Q 
a 
m 
.- - 
- 
- -
2 
b 
0 
x 
a, > 
m 
c 
CTJ 
3 
U 
0 
-
.- - 
L 
e 
.- 
c 
. 
h 
v 
(A 
Qb 
r 
L 
iz 
3 
m 
72 
X 
t rn r 
b 
E 
E 
0 
u) 
a 
7 
i- 
E 
€ 
0 
0 
OJ 
ca 
F 
Q) 
3 
w 
LL 
L. 
.- 
73 
X 
X 
0 r 
0 cv 
0 
II 
c 
A 
0 
0 
x 
x 
0 
r 
0 
II 
c. 
n 
r 
0 
0 
II 
d 
e 
x 
A 
W 
(0 
0 
II 
c. 
- 
u) 
0 
E 
E 
74 
l r  
w I I I I 
X 
0 04 c3 
0 
r 
0 0 
Qp 
e 
1 I I I I I 1 
d 
Y 
0 
E 
€ 
75 
v) 
-I 
s a 
W 
I- a 
I 
W 
k 
v) 
0 
a 
0 
L 
v) 
0 
-I 
0 
I tn 
W 
K 
I 
t- 
W 
3 
t- 
L 
U 
W 
I 
v) 
52 
a 
a 
a a 
a z 
i 
U 
W 
z 
ET, 
C 
In 
3 
.- 
- s a > 
a, 
In 
0 
.c 
z a r 
In 
x 
Q, 
m > 
c 
.- 
L 
m 
Q, n 
I 
- .- 
> " 
3 
In 
CI 
m 
b 
! 
: 
i 
76 
Lc) 
II 
rc 
0 
II 
U 
x 
W 
W am 
d to 
\ 
a 
h 
0 
f 
3 
0 '. 
c3 
k 
0 0 0  
0 
(d 
(rb 
.- w 
Y 
b 
E 
d 
(3 
77 
a 
a z 
W 
I- 
J 
a 
n 
(3 
cn 
3 
z 
w 
2 a 
w 
v) -. a 
W 
J ~~ 
W a 
L 
0 
-2 
I- cn 
L 
0 
a +- E 
a 
v) m a -
L 
b c 
2 
F 
)r 
Q, c 
a 
5 
.c 
0 
Q, 
U 
a 
B 
E 
Q1 
5 
- 
0 
.. 
I. 
. 
n 
Q 
0 
cy 
v 
78 
I 
I 
N 
f- 
79 
h 
tn 
W + a z z 
5 
O 
W 
Y 
0 
K 
0 
CJ 
N 
U z 
U 
0 
LL 
tn 
0 
0 
I 
I- 
W 
E 
W 
0 
U 
0 
LL 
z 
U 
0 z 
3 
0 
rn 
a 
z 
3 
a 
a 
80 
z 
3 
w u 
P= 
0 
c;( * 
P= 
4 
x 
5 
0 
n 
a 
II 
k= 
\ x 
v) 
n 
0 
03 
\ 
0 
+I 
\ 
0 
\ 
U 
I 
1 
I 
4 
i 
1 
i 
1 
! 
i 
i 1 
1 
i i 
i 
i 
0 
4 
(0 
0 
co 
o s  
\ 
cd cv 
3 
0 
cu 
0 
0 
0 
81 
v) 
w 
I- 
z 
z 
a - 
4 
W 
k cn 
0 
n 
E 
0 
0 
0 
W 
I- a 
a 
A 
W 
9 
W 
(3 
n 
W 
U 
0 
L 
cn 
W 
I- < 
U 
W cn 
W 
-I 
W 
U 
r 
(3 
U 
W z 
W 
z 
a 
z a a 
I- cn 
D 
n 
(P 
el 
N 
Y 
2 
3 
w 
LL 
.- 
82 
a 
n 
J 
W 
W 
(3 
0 
W 
K 
0 
u, 
tn 
W 
t- 
K 
a 
0 
0 P 
0 
0 
83 
Z 
l- 
z 
0 
a 
5 a 
n 
-I 
W 
U 
0 
v) 
v) > 
-I 
U z 
- 
a 
0 
a 
cn 
z 
X 
0 
W 
E 
0 
U 
0 
I 
z 
a 
m 
cn 
W 
0: 
W 
LL 
- 
E 
n 
m 
Q, 
Q, > 
Q, 
c m 
V 
a, 
3 
0 
U 
m 
C 
c 
L 
- .- - 
E 
.- - 
2 
.c 
c 
0 
m 
t 
m 
Q, 
U 
Q, 
.- 
w 
.- 
E -
5 
L m 
Q, c 
.- F 
D 
Q, 
& 
C 
v) 
.- 
.- 
2 
.c 
0 
v) 
v) 
& 
m 
C m 
v) u 
C m 
S 
0 
.- 
-
.- 
E 
2 
E 
0 .- 
m 
0. 
0 
Q, > 
Q, 
U 
0 
t- 
-
.. 
0 
0 
84 
X 
5 cu 
E 
x 
\ 
>- U 
\ ....... .... .... ..... ..... ... .... .... ..  . .... ............  ... 7 
N 
L 
3 
w .- 
L 0)  
C 
0 
N 
85 
e 
86 
U 
L L t  
X 
d 
N 
0 
n 
D 
d cv 
Y 
87 
This page intentionally left blank. 
88 
cn 
W cn * 
a 
i 
a 
Y 
0 a a +  
0 -- 
2. 
I) 
IC 
0 
v) 
v) 
2. 
m 
C m 
.- 
-
Q, 
5 
C .- 
U 
0 
Q, 
C 
5 
L 
0 
C .- - m L 
89 
2 a 
3 
Q, c 
h 
U 
(P 
L a 
i i  
a 
PRECEDING PAGE BLANK NOT FILMED 
SL 
0 
4 
OL: 
V 
4 
v) 
ac 
0 
b- 
u 
4 
LI 
t 
t- 
v )  
CI 
W 
t- 
I 
v) 
v) 
w 
e 
t- 
v)  
4 
c 
L 
d 
w c 
e 
< 
z 
Y 
S 
w 
0 
4 
0 
VI 
h - 
k - -  g 3  
0 
y 
90 
v) 
w 
e 
4 
I 
v) 
v )  
3 
0 
I 
4 
> 
rrv) 
o w  
U N  
v)v)  
o m  
I-= 
Ve  
4 
U 
Y 
a 
u 
\ r (  
0 
I 
0 cv . 
L n  
4 . 
n 
0 
3 
4 -  
- \  
0 
L 
91 

0 
Q, 
2 
co co 
t 
b co t 
v) 
3 
0 
3 
v, 
a 
Q 
v) 
0 
)r 
0 
0 
0 c 
J= 
0 
al 
a 
3 
a 
cn 
0 
2 
e 
L e
: 
L 
c 
-
c 
c 
c .- 
E 
0 
0 
U a 
a 
0 
0 
c 
0 
c)v) 
r 
E 
v) 
a 
al 
0 c 
0 
0 
0, c 
tn 
v) a 
0 
0 
c 
.- 
5 
E 
2 
2 
E 
L - 0 
a 
a 
- 
.- 
L 
c 
0 c a > 
a 
v) a 
v) 
0 
0 
0 
c .- 
z- 
z 
0 c m > 
'13 a 
c 
0 
v) 
0 a 
2= a 
a 
c 
c 
- - 
E c 
2 .- > c 
W 
93 
cn 
W 
3 
I- 
m 
w 
k cn 
0 a 
E 
0 
0 
U 
0 
u, 
cn 
(3 
5 c 
U 
0 
0 
w > - c 
0 
w 
I- 
O 
U a 
L 
0 
c 
0 
W > 
W 
n 
c u 
1) 
v, 
L c
v, 
v, 
3 
L c
a, 
0 m a cn 
z c 
D 
Q, 
v) 
0 
Q 
Q 
2 
v) 
a, 
0 
'0 e 
v, 
.- P 
8 
c m 
a, > 
V 
a, 
Q 
.- 
c 
c e 
II 
0 
a, > 
a, 
D 
-
0 
I- 
.. 
> .- i 
C .p 
a, 
5 :  
- a 
V 
Q 
0 
Q, 
.- e 
9 
5 
E 
n 
Q 
co cu 
W 
Q) 
L 
3 al 
i 
94 
0 
v) 
v) 
cu h 
0 
v) 
d 
0 e 
v) 0 cv 0 cc) cv 
0 
Q) 
0 
b 
0 
m 
0 
m 
0 - 
0 
.I 
L 
95 
v) 
0 
n cv 
a, 
U 
u) 
a, 
C 
0 - n 
.- 
.- a u I l l  - 
a!! I - I 1” 
Y -i 
a, 
73 .- 
CD 
t l  
0 
v 
0 
b 
0 3- 10 
In 0 Ln 
r 0 0 I 
0 
cv 
I . r v) I F 
I 
u. 
C 
C 
I 
% 
.- 
% 
.- 
n 
0 
U 
00 
cy 
L 
J a 
LL. 
.I 
x 
UJ 
96 
n 
0 
I 
IL 
UJ a 
0 
0 
0 
d cu 
0 
0 cv cv 
0 
0 
00 
r 
0 
0 e r 
0 
0 
00 
0 
0 
d= 
L a 
98 
ORIGINAL PAGE IS 
OF POOR QUALITY 
I 
h 
r( 
cy 
0 m 
A 
- 
0 
u o w  
h c n  
h 4  
4 I  
0. 
-I 
h 
0 m 
e 
\ 
0 
0 
M * 
s 
M m 
\ 
0 
0 
M 
m 
0 
W 
CI 
W 
h = I  
v) e e 
\ 
.f 
v) 
U 
4 
e 
\ 
0 
0 
0 
cp u 
c) 
W 
L 
0 
. 
n 
Q) 
3 a 
IL. 
L 
.I 
100 
cn 
W 
3 
I- 
rn 
W 
cn 
0 
t 
; 
0 
0 
z 
I- 
- 
P 
I- 
n 
n 
W 
0 
3 
z - 
L 
a, 
5 
0 c 
U 
a, 
V 
a, 
3 
v) 
c 
3 
- 
2 
u 
13 c 
2 L
ln e 
L m 
3 
P 
3 
-
c 
.c 
0 
0, 
m 
v) 
c 
c 
v) 
u) 
2 
c 
v) 
U 
t m 
- 
a, 
U 
u .  
C =  m m  
h 
I] 
v) 
c 
0 
c 
.- 
.- 
U c m 
v) 
.- P 
c e
c 
.- 
U c a 
a 
c 
5 
.- 
v) 
a, 
v) 
v) 
v) 
2 - 
Q, 
5 
2 
13 
3 
LL 
c 
.. 
E 
e, 
e, 
n 
(II 
0 
c3 
W 
.I 
LL 
101 
I 
t 
i 
0 
n 
c- 
CI u 
W 
UD 
LL 
W 
r I I 
0 
0 co 
I I I 
0 
0 cu 
0 
0 * 
)r 
0 a c 
I- 
L 
I 
0 
0 0 
04 d 
I I 
0 
0 
d 
0 
0 m 
0 
0 cu 
0 
D O  
102 
z 
0 
2 
0 
d, a 
U 
d, a 
U 
d, 
oi 
a 
U 
c3 
a 
U 
N 
0 
n 
0 
0 
e9 
Y 
T- 
=u 
C 
8 
=u a 
0 
S U a 
0 
0 .- 
L 
0 
.I 
L 
c, 
i! 
m L L 
P 
E 
)r 
v) 
E 
5Y 
I- 
0 
n 
7 
m \ 
I- 
n cv 
0 
r 
0 
\ cv 
0 
T- 
I 
\ 
v) 
0 
9 
. 
6 
0 
7 
Y 
103 
n 
Po 
Y 
i 
I. 
104 
\ 
A 
v) a 
c 
Y 
e 
I 
E: 
\ 
v) 
€ 
L a c 
I- 
\ - 
Q) 
L 
105 
106 
v) 
I- 
W 
c) z 
0 
c) 
n 
a 
cn LI1 
0 
v) m a 
>I. 
c3 
W z u 
a 
\ 
.... .... ..:*. .... .... .... 
in .- 
L 
107 
L 
rr, 
a” c 
as 
Q 
O O O Q  - 
n 
0 
N 
e9 
Y 
Q) 
L. 
108 
Y 
c3 
Z - 
I 
n z 
0 
c) 
x 
w 
0 
10 
0 .- 
h .- 
0 
Q) 
t/) 
n 
Q) 
t 
v) 
3 
z 
3 
v )  
v) 
Q) 
L 
;; 
v) cu 0 
Q) 
3 
w 
L. 
i 
109 
This page intentionally left blank. 
110 
U 
C m 
v) 
aJ 
r a n 
0 
.- 
h 
u 
aJ 
u 
3 
U c 
0 
0 
c m 
W - c - m c 
0 
0 
C 
3 
.- 
e - 
K 
n 
W 
0 
Q, 
I) - .- 
3 
C 
0 
C 
0 
m 
.- 
e 
B E 
VJ 
0 
a, 
Q, 
c 
.e c
v) 
Q, 
m c 
0 
P 
n n a 
I 
U 
Q, 
Q, c 
Q, 
C 
0 
m 
U m 
c. E 
?J 
.- 
c) 
.- 
L 
U 
Q, 
v, cn C 
0 
1 iii 0 
v) 
Q, cn 
C m r 
0 
c 
0 
v) 
Q, 
U 
1 
v) 
.- 
e 
Q, 
5 
Q, 
5 
c 
0 U C m 
U 
Q, 
0 
C a > 
U m 
E 
P m 
U 
W 
I- 
Y 
n 
a 
m 
J 
I- z 
W 
E a 
C 
0 
v) 
a, 
U 
3 
v) 
.- 
c 
L m - .- 
E 
i?j 
111 
PRECEDING PAGE BLANK NOT FILMED 
# 
Z 
0 
H 
I- a 
z 
0 a 
I 
b 
W 
J 
W 
W 
LL 
LL 
W 
K 
W 
L= 
H 
z 
0 
I 
C 
0 
. '  
I. 
I 
In^ 
Y 
c3 
c3 
i 
w 
112 
z 
0 
w 
z 
I \  
o=u u = o  
a 
c.0 
9 
0 0  Q 
Z 
o=u u=o  
/ \  
h 
Y 
a 
n 
0 
0 
c3 
Y 
113 
v, 
w 
U 
3 
I- o 
3 
K 
I- 
v) 
W 
t 
v, 
0 
0 z 
0 
0 
U 
0 
Z 
0 
I- 
o 
U 
- 
a 
m a 
z 
- 
U 
W 
I- 
4 > 
0 z 
z, 
Q, cn m 
U 
5 
ai .- 
U 
2 
tu 
Y 
C 
Q c 
114 
0 
cv 
0 
A 
0 
0 
0 
0 
c') 
d 
115 
W 
a a, 
* I  c 
0 
a 
a3 
.- 
a 
cu 
c 
0 
a a 
.- 
a 
c 13\ I/ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
b 
I 
I 
I 
I 
I 
I 
m 
C 
0 
a 
a3 
.- 
a 
cc) 
c 
0 
Q) 
a, 
ot 
.- 
I 
. 
h 
Y 
0 
d 
c3 
Q) 
1 
CR 
u, 
L 
.- 
. I  
ORIGINAL PAGE IS 
OF POOR QUALIN 
ORIGINAL PAGE IS 
OF POOR QUALITY 
- 
cn a 
v) 
0 
c .- 
E 
E 
0 
0 
X .- 
L c
E 
E 
3 c 
3 
a 
0 
c 
0 
.- 
-
c 
.- c 
.- z 
L 
c a 
0 
a 
z 
0 
4 
2 
c c 
E 
0" 
Q 
0 
a > 
-
- 
T 
tn 
119 
120 
I 
121 
!. 
n 
m 
I 
122 
0 
v) 
4 
LLI 
a 
I- 
W 
W 
II 
c1 
3 
I- a n N" c 0 
0 
U n 
a 
0 
0 
0 I a + 
N 
v) 
C 
cd 
I= ci 0 (b 
0 
0 
43 
0 0 co * 0 0 N a 
I 
c 
i 
CI 
a 
L z 
123 
I. 
124 
0 
0 
CQ 
0 
t= 
I- < 
c9 
I 
c9 
I 
c3 
c i  
z 
3 
O O Q .  
I I t I 
H a 
, 
0 m 
125 
. .  
, 
I 
126 
z 
0 m . 
0 
0 
Lo 
0 
0 
v 
0 
0 
c7 
0 
0 
N 
0 
0 
7 
0 
.- 
v) 
Q 
.- 
€ 
+ 
c1 
I 
v) 
0 a 
127 
I. 
I 
128 
u. 
0 
1 
W 
0 
2 s a 
a 
0 
IL 
W !  Y 1 
-Z!SOW .- 1
W e 
W 
8 a e 
W 
13 U 
r" m co 
I 
fl 
7 
a 
I 
T- 
(3 z 1 
Z 
I- 
a 
F: 
_ -  
 a 
I 
i= 
a 
a I- 
0 
W 
0 
I 
\ 
a 
F 
I- 
z 
W 
 
129 
I 
130 
I 
t 
i d  
0 
0 
< 
t- 
d 
W 
0 < ac 
w 
W < 
I 
w a < e 
W 
W 
4 
0 
/ 
/ 
/ 
1 
P 
\ 
\ 
\ 
\ 
0 
0 
0 
Q 
F 
0 
0 
b 
F 
8 
10 
c 
0 
0 
J) * 
0 
0 
t 
c 
I I I I I I I 1 I 
t CJ 0 
131 
j I I 
0 z a a 
+ 
0 
c, 
0 e 
0 
0 
i 
a c 
ca 
v) 
E 
v) c 
0 
m 
.I 
.I 
c, 
I 
2 
* 
a e 
0 
e 
3 
0 
c, 
L 
L 
\ 
E 
c, 
2 
E 
Q) 
* 
0 
P 
-
L 
0 r 
v) W 
4L 
' 0  
a 
v) 
0 e 
L 
3 
w 
.I 
a I. a a > 
7 L  
' !  
I. 
i 
, 
€ 
0 
0 
a s 
ce, e 
x 
W 
1 1 1 1  I 1 1 1  
- 
J 
L 
5 
0 0 0 
132 
# a 
v) 
0 
*I, 
.I 
E 
0 
I a 
i= 
3 
i7j 
x 
a, 
L 
3 0 
I a c 
- 
.Id 
0 
3 
v) 
m 
L 
c, 
- 
0 
0 
.- 
c, 
I 
0 z 
U 
a 
rn 
m 
C 
v) 
a, 
cn c 
.I 
4- 
.Id 
.I 
L 
6 
a 
a 
e 
c, -
E 
a t  zu, a 
W 
3 
(3 
F: a 
LL 
.c, 
L 
0 e e 
3 
v) 
I 
rn 
E 
0 
m 
.- 
.Id 
v) a 
v) 
c, .- 0 I 
I 
'CI c a 0 0 m 0 
E 
3 a - 
c, 
Y m 
Y 
I 1 1 1  1 1 1  5 
S 0 
0 
0 
0 tn 
0 0 0 0 
133 
a 
Q m r 
v) 
- 
0 
c 
0 
0 
L 
c, 
- 
E L
a 
x 
0 c m 
v) 
m 
a 
(P 
a 
P 
3 
c 
0 
(P 
c, 
I 
.I 
L 
c, 
E 
c, 
.I 
c, 
3i 
a 
0 m e m 
0 * 
a 
(P 
w 
u 
.I -.- 
CI a 
C 
L 
n o  
m a  a z 
c 
v) a 
v) 
0 
0 
0 
c 
0 
P 
m 
c 
0 a 
m 
0 
.I 
c, 
.I 
E 
L 
v 
L 
a 
0 m 
0 
a 
* 
E .- 
w a 
tc- 
v) 
v) a 
v) 
v) 
- 
a 
r o  
0 0  a - e  r 
a 
m 
O z 
U v) 
0 
e 
0 
v) a 
v) 
0 
.- 
E 
L 
w 
c, .- 
0 
0 
'El a 
0 c 
(P > 
v) z v) J a a 
e - U 
W 
b 00 co a z 
n 
e e a 
W 
A 
I 
v) a 
v) 
0 
c, 
.I 
z 
0 
0 
2 
2 
E 
3 
a 
Q 
a 
c, 
c, 
I O 
0 0 
134 
a 
I 
a 
rn 
U 
I - 0 0  aoo 
I +  
U 0 
I 
P) 
C 
c 
0 
'El 
C cv 
0 c 
v) 
v) a 
0 
0 
.- 
.I 
.- 
.- 
& 
0 
S 
0 
v) 
v) a 
.- 
L 
E 
0 
0 
Q m 
0 
'CI a > 
3 
0 
0 
c 
0 
m 
3 
m > a 
'p c m 
L 
yl 
.- 
c, 
I 
6i 
S 
v) a 
c 
0 
.- 
w 
c, 
CI 
.- 
Y 
iu 
I I 
n 
a cn z 
'El 
(13 
v) 
0 
S 
0 
v) 
Q * c 
0 
v) 
0 
m 
.I 
5 
L - 
.-  
I 
c, 
E 
0 
2 z 
a 
z 
i= 
a c m 
x 
a 
3 
a 
L 
Y 
E 
e 
Q) 
.s 
a, 
I 
0 
c, 
.- 
Y 
0 
E 
I 
a 
P) 
(13 
cr, 
c 
x 
0 
v) a 
3 
CT 
c r 
0 a 
c 
0 
v) 
0 
Q a 
'p 
0 
.I 
c, 
L 
rc 
.- 
c, 
.- 
c, .- 
rc 
c, 
I I  I 
(d 
d 
L 
i 
3 
0) 
135 
Report Documentation Page 
1. Report No. 2. Government Accession No. 
j - __ - fJASA TM- 101506 ___- 
4 Title and Subtitle 
Ma te r ia l s  D i v i s i o n  Research and Technical Accornpl i s h -  
rnents f o r  FY 87 and Plans f o r  FY 88 
Ma te r ia l s  
Research P l  ans 
Accomplishments 
Object ives 
Kay L. B r ink ley  
Unc lass i f i ed  - Un l im i ted  
Subject  Category - 23 
i 
_-__ ______ 
i 9 Performing organization Name and Address 
NASA Langley Research Center 
Hampton, V i r g i n i a  23655-5225 
12 Sponsoring Agency Name an0 Address 
Nat ional  Aeronaut ics and Space Admin i s t ra t i on  
Washington, DC 20546-0001 
_ _ ~ _ _ _ _ - - -  
15. Supplementary Notes 
3. Recipient's Catalog No. 
-. .______ __-- 
5. Report Date 
_.-_ 
De cenlb e r 19 88 ___-__ 
6. Performing Organization Code' 
- -__ 
8. Performing Organization Report No. 
10. Work Unit No. 
506-43-11-02 
11. Contract or Grarrt No. 
13. Type of Report and Period Covered 
Technical Memorandum 
14. Sponsoring Agency Code 
- . -_ __- 
16. Abstract 
The research program o f  the  Ma te r ia l s  D i v i s i o n  i s  presented as FY 87 accomplish- 
ments and FY 88 p lans.  
and plans are  ou t l i ned .  
This  ma te r ia l  w i l l  be use fu l  i n  program coord ina t ion  w i t h  o the r  government 
organizat ions,  u n i v e r s i t i e s ,  and i n d u s t r y  i n  areas o f  mutual i n t e r e s t .  
The accomplishments f o r  each Branch are  h i g h l i g h t e d  
Pub l i ca t i ons  o f  t he  D i v i s i o n  are inc luded by Branch. 
-- .- --__--.------ - . . -- 1 
- 19. Security Classif. (of this repcirtl - . . -
- 
20. Scxurity Classif. (of this page) I 21. No. of pages /z. ;;;" 7 Unc lass i f i ed  I Unc lass i f i ed  1 136 
I I I I 
NASA FORM 1626 OCT 86 
